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tlEMORAITDUM REPORT 
for the 

Army Air Forces, Materiel Comnand 
STABILITY AND CONTROL TESTS OP A 5A-3CALS MODEL OF 
THE XP-69 AIRPLANE IN THE NACA FULL-SCALE TUNNEL 
By Harold H. Sweberg 
INTRODUCTION 

At the request of the Army Air Forces, Materiel Command 
tests have been made in the NAGA full-scale tunnel to deter- 
mine the longitudinal- and lateral-stability and control 
characteristics of a j/l^-scale model of the XP-69 airplane. 
The XP-69 airplane is a s ingle -engine , low-v/ing monoplane 
with dual-rotating propellers. Engine cooling is obtained 
by means of a rear-underslung ducting system. Inasmuch as 
stability data on airplanes equipped v/ith dual-rotating pro- 
pellers are meager, the effects of propeller operation on 
the stability and control characteristics of this airplane 
are of particular interest. 

The data Include measurements of the forces and moments 
on the model at various angles of attack and angles of yaw. 
These measurements were made with the propellers removed and 
operating and with the landing flaps retracted and deflected 
The effects of elevator, rudder, and aileron deflection on 
control-surface effectiveness and on hinge moments v/ere 
determined. The general nature of the slipstream behind 
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dual-rotating propellers v/as investigated by surveys of the 
velocity and direction of the air flow in the region of the 
tail plane with zhe propellers removed 8nd operating. 

SYMBOLS 

C-Q drag coefficient (q~cj) 

/ X \ 

resultant drag coefficient V;ith ^jropellers operating 

Cy lateral-force coefficient (•—r) 
^- \qoS/ 

Ct lift coefficient (-^\ 

^"^^"^ /L \ 

Ci rolling- -raorrient coefficient f — -— ) 

/ Yi \ 

Cjn pitching-noment coefficient /— j 

V^oSb/ 

C^i yawing-moment coefficient ^ ''^ ^ 

Ch elevator hinge -ruoment coefficient — — ) 

We^ey 

Ch rudder hinge -moment coefficient / — — ) 
Ch aileron hinge-monent coefficient ( — — 
where 

X force along X a:cis, positive when directed backward 

y force along Y axis, positive when directed to right 

Z force along Z axis, positive when directed upv/ard 

L rolling moment about X axis, positive when it tends to 

depress the right wing 
M pitching moment about Y axis, positive v/hen it tends 

to depress the tail 



r 
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N yawing moLient about the Z axis, positive when it tends 

to retard the right v/ing 

Eq elevator hinge moment, positive downward 

<^ E-p rudder hinge moment, positive toward left 

^ Ha aileron hinge moment, positive dowmvard 

^1 P\ 

Qo free --stream dynamic pressure -y^P'^o"] 

p mass density oj? air 

Vo free-stream velocity 

c mean aerodynamic chord 

b wing span . . 

elevator area aft of hinge 
Sp rudder area aft of hinge 
Sa aileron area aft of hinge 
0^ root m^ean square elevator chord 
c-p root mean square rudaer chord 
Ca root mean square aileron cho:^-d 

effective thrust coefficient (^effective thrust) 

Cp power coefficient /engine powers 



C rp 



pn^D- 

effective thrust coefficient (effective thrust N 

n propeller eff icienc^^ V/nD/ 

v/nD propeller advance -diameter ratio 

n propeller rotational speed 

pp blade angle of front propeller 
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6n blade ane:le of rear -oropeiler 
D prcpe3-ler diameter 

cp chord of wing directl:/ behind propellGr 
bi span of that part of wing imr.iersed in the slipstream 
ACLp increment of lift coefficient due to propeller operation 
AClj, increment of lift coefricient due to propeller thrust 
force 

ACljj increment of lift coefficient due to normxal force on 

a propeller inclined to the air stream 
ACl^ increment of lift coefficient due to the passage of the 

slipstreaiii over v/ing 
ACjj^p increii.ent of pitching -moment coefficient due to 

propeller oper ration 
ACjnrp increment of pi tchina'-m,oment coefficient due to pro- 
peller thrust force 
ACm];^ incremiont of pitching -moment coefficient due to normal 

force on a propeller inclined to the air stream 
ACnig increment of pitching-moment coefficient due to passage 

of slipstream over the v/ing 
AC^ p> itching-moment coefficient due to the horizontal tail 

surface 

a angle of attack of thrust axis, degrees 

\|/ angle of vav/, degrees; positive when left wing moves 

forward 
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angle of stabilizer setting with respect to the 
thru.st axis^ degrees; positive with trailing edge 
down 

63 elevator deflection (v/ith respect to stabilizer chord) 
cv] degrees; positive when trailing edge of elevator is 

1 moved down 

6^ rudder deflection, degrees; positive when trailing 

edge of rudder is moved to left 
5a aileron deflection, degrees; positive when trailing 

edge of aileron is moved down (subscript L denotes 

left aileron) 
6f flap deflection, degrees 
5^^ elevator tab deflection, degrees 
6;prp rudder tab deflection, degrees 
e^rp aileron tab deflection, degrees 
A5q^ total deflection of both ailerons, degrees 
€ local downwash angle at tail measured relative to 

free-stream direction, degrees 
^av average dovmwash angle across elevator hinge line 

as found from air-flow surveys, degrees 
propeller downwash angle at wing center of pressure, 

degrees 

q local dynamic pressure (ipv^^ 

V local velocity 
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(q/qo)av average d:mamlc-pressure ratio across elevator 

hinge line as found from air-flow surveys 
s velocity incr'-rMn'^^nt factor back of propeller disk 

Eq lift-curve slope for infiiilte aspect ratio 

01 section lift coefficient 

p rolling velocity^ radians per second 

\ empirical factor used in formula for increase in 

lift of wing due to sllpstrjan velocity 
DESCRIPTION 0? HODEL 
A summary of pertinent charac tc-:iris tics of the full-scale 
version of the XP-69 airplane is given below: 

Gross weight, lb ^ l8,^000 

Engine - iiriciht Aeronautical Corp H-SlbO-J 

Normal rating - 2500 bhp at ^P-OO rnm, sea level 

to 35,000 ft altitude 
Military rating - 2^00 bhp at liLOO rpm, sea level to 

55,000 ft altitude 
Propellers - two three-blade, dual-rotating 

V/ing area, sq ft 5^5 

Wing span, ft -in ^1 

Mean aerodynamic ch-^rd, ft ^0,^14. 

Airfoil section: . 

Inboard NACA 662-llL|- 

Outboard ViAGk 662-215 

Aspect ratio o*\T^nt^ 

Angle of incidence, relative to thru^^t line . . 1 Ug'75^ 

Washout ^ ^l^l 

Aileron area, aft of hinge line, sq ft (botai) .... ^5;^ 

Horizontal tail area, sq ft (total) ^102 

Stabilizer ar-a, sq ft ^1*2 

Elevator area (including balance - 22 percent ^ 

elevator area), sq ft 

Vertical tail area, sq ft (total) • ( 

Pin area, sq ft ^ ^(•^l- 

Rudder area (including balance - lb percent 

rudder area), sq ft /f*^ 

Flap area, sq ft (total) " ^-^-^ 



A three -view drav/lng showing the important dimensions of 
the 3/Ij.-sccae model of the XP-69 airplane is given in fig- 
ure !• The outer surfaces of the model were constructed 
of sheet aluminiira which was covered with a plastic filler 
and sanded to a smooth finish before the tests were made. 

Two 10-f oot-diameter dual-rotating propellers of fixed- 
pitch construction v;'ere used to simulate the full-scale 
airplane propeller unit. Fov;er was supplied to the propel- 
lers by two 25-iiOrsepower electric motors installed in the 
fuselage. The front motor v;as directly connected to the 
front propeller, while the rear motor drove the rear pro- 
peller through chains and a countershaft. The motor frames 
were supported in a cradle so that they were free to rotate 
about their axes and were restrained from rotating by means 
of helical springs connected to the supporting frame. The 
angular deflection of the motor frame served as a measure of 
the motor torque. 

Balanced, slotted flaps v/ere used as a high-lift device. 
When deflected, the flaps moved to tlie rear and down and 
means v\rere provided for several flap-angle adjustments 
ranging fi'om 5^ to .^0^. 

Both the ailerons and the elevators were of the sealed 
hinge-tjT-pe construction. The 
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control surfaces v;ere statically balanced by means of lead 
weights placed forward of the hinge lines. All of the con- 
trol surfaces wei^-e equipped with balancing tabs which could 
be adjusted to give various ratios of tab deflection to con- 
trol surface deflection. 

METHODS AIID TESTS 

Figure 2 shov;s the 5/I|-scale model of the XP-69 airplane 
mounted in the NACA full-scale tunnel (reference 1). The 
methods by v;/hich the data were corrected for jet-boundary 
and blocking effects are discussed in references 2 and 5* 

Tests with propellers removed w^ere made through a range 
of angles of attack and tunnel airspeeds to determine scale 
effect on the model. In order to determine the stabilizer 
angle for trim at the dive lift coefficient, Cr, - O.O85, 
tests were made at tv/o stabilizer settings with the propel- 
lers removed. The results of these tests are shown in fig- 
ure 5* The stabilizer setting, 1.6^, determined from, these 
tests was m.aintained for most of the following tests. 

The aerodjnnamic charac teri.^tics of the dual-rotating 
propellers v/ere determined previously in the NACA. propeller- 
research tunnel (reference 1^) . The propellers as installed 
on the XP-69 model are shov/n in figures 2 and A few cal- 

culations showed that at a pi-^opeller blade angle of about 
28^ very little error was introduced by operating at constant 



blade angle to simulate tho full-scale constant-speed pro- 
peller. In order that the rear propeller absorb the same 
amount of pov;er at the peak efficiency condition as the 
front propeller, the blade angle of the rear propeller was 
set at 27.7^ with a blade-angle setting of 28^ for the front 
propeller. Tne necessity for this difference in blade 
angle can be explained by the feet that the front propeller 
Introduces a rotational component to the slipstream which 
increases the angle of attack, of the rear propeller. It 
is then necessary to reduce the blade angle of the rear pro- 
peller to offset this increased angle of attack (reference Ij.) 
The aerodynamic characterir: t ics of the dual-rotating pro- 
pellers on the rriodel at about zero lift coefficient are 
shown in figure 5- These results and the results of ref- 
erejicc 1| are in close agreement. 

The chart of against -or the power-on tests 

was f burnished by the Piepublic Aviation Coi-^pora tion and is 
given in figure 6 for operation at sea level and at 
55^^00 feet altitude. .7or the idling-power condition, a 
value of Te = O.O!;.^ at Cf, = 1-7 was fui^nishod and this 
thrust coefficient was used throughout the lift range to 
simulate the idling-power condition. 

The valuer of thrust coex'ficient used to simulate the 
flight attitude of the yawed model were chosen to be the 
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same as those of the vmyav/od model. Since the lift coeffi- 
cient decreases with increasing yav; ane:;le, this procedure does 
not reproduce exactly the airplane-propeller conditions at 
large angles of yav/. For the yavv^ angle range tested 

= -15^), however, this Method probably does not introduce 
any serious errors. 

Tests v;ere made v/ith the horizontal tail removed and 
attached, in each case with the propellers removed and operating • 
Each condition included tests Y;ith the landing flaps re- 
tracted and deflect3d. The landing gear v/as removed for all 
of the tests. Measurements v/ere also taken of the elevator 
control effectiveness and hiinge mxnnonts at several angles of 
attack. The effects of elevator tab position on the hinge 
moments and on the pitching momv>'nts Vv-ere determined. The 
elevator hinge moments were measured by means of a calibrated 
torque rod, the deflection of which v/as inaicated by Selsyn 
motors located in the fuselage and in the test house. 

All th.e tests with the model yawed v/ere made with the 
horizontal and the vertical tail surfaces attached to tiie 
model and V7ith the propellers operating. The model atti- 
tudes for each angle of yaw included hi.f^ii speed, climbing, 
and landing. ^,7ith the model in tlie high-speed and climbing 
attitudes, the measurements were made at thrust coefficients 
approximately simulating the full- and half -rated power 
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conditions at sea level. With, the model in the landing 
attitude, the measurerion t s were nade with the landing flaps 
deflected l\.G^ at thrust coefficients aj^proxima tely simu- 
lating the idling and half -rated po>wer (approach attitude) 
conditions at sea level. For each pov;er condition and 
model attitude, measurements were made of the rudder control 
effectiveness and hinge moments. 

The method for measuring; the rudder liinge moments was 
similar to that used for measurin-*'^ th^e elevator hinge 
moments. Som.e tests were made to determine the effect of 
tab por:itiori on the rudder hinge moments and yawing moments. 
The effects of yaw angle on the elevator control effective- 
ness and hinge moments have also been determined • The model 
is shown yawed IS.l^^ in the full-scale tunnel in fi,-;ure 7. 

The tests to determine the ail-'^ron control effective- 
ness and hinge moments were made vvith only the left aileron 
deflected. All those tests v/ere made with the propellers 
removed. The aileron hinge moments v/ere m.easured by m.eans 
of a cantilever beam equipped with a strain gage for indi- 
cating its deflection. The aileron angles were measured 
by recording the change in resistance of a rheostat which 
varied according to the m.ovemient of the aileron controls. 
The tests v/ere m.ade withx the model in the yav/ed and unyawed 
conditions at several angles of attack. The effects on 



aileron control effectiveness £.nd hinge moments of installing 
cannons (fig. 6) and gasoline tanlzs (fig. 9) on the v.'ing of 
the model have been deberm.ined. Tests were also made to de- 
termine the effect of tab position on the aileron hinge moments 
and rolling moments. 

Surveys v/ere made of the velocity and direction of the 
air flow in the region of the tail plane. For these tests, 
the horizontal and the vertical tail surfaces v;ere removed 
from the model (fig. 10). Wie sui'veys were made v/ith pro- 
pellers removed and operating and for both cases included the 
conditions for flap^- retracted and flaps deflected I|.0*^ . A 
complete description of the apparatus used for the surveys 
is given in reference 5» 

RESULTS AND DISCUSSION 

The results of the tests have been analyzed and are 
presented in three parts. The first part deals with the 
results of the tests to determine the longitudinal-stability 
characteristics of the model and includes measurements with 
the tail surfaces remioved and attached and with the pro- 
pellers removed and operatixag. The contributions of the 
horizontal tail surface, the wing-fuselage combination, and 
the propellers to longitudinal stability are discussed in 
this section. The second part deals with the lateral char- 
acteristics of the model and includes both the yav/ing- and 
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rolling-stability data. The results of the air-flow sur- 
veys are discussed in the third part. 

The results of the tests are presented by means of 
the standard NACA coefficients of forces and moments. All 
of the moments have been taken about the center-of -gravity 
position indicated in figure 1. The data are referred to 
the stability axes. The X axis is the intersection of the 
plane of s^pmaetrj of the airplane v/ith a plane perpendicular 
to the plane of sjnnmetry and parallel v;ith the relative v;ind 
direction; the Y axis is perpendicular to the plane of sym- 
metry; and the Z axis is in the plane of syniraetry and per- 
pendicular to the X axis. 

Longitudinal Stability, Control, and Trim 

Tail- removed tests. - The results of the tests with the 
propellers and the horizontal and vertical tail surfaces 
removed are shown in figure 11. The slopes of the curves 
of Cr,^ against (fig* H) indicate only a slight degree 

of longitudinal instability for the tail-removed condition. 
This is explained by the fact that the center of gravity is 
located fairly v^^ell forward on this model (25 percent M.A.C.) 
V/ith flaps retracted, the locrtion of the neutral point of 
the model without the tail was measured to be about 0.025c 
ahead of the center of gravity. A slight decrease of 
longitudinal instability, resulting from, the rearward shift 
of the center of pressure with flpp deflection, was obtained 



v/hen the flaps were deflected 1+0^ (fls- ID- The location 
of the neutral point of the inodel v/ithout the tail for the 
flaps-deflected condition v;as about O.OOJc" ahead of the 
center of gravity. 

The effects of propeller operation on the aerodynainic 
characteristics of the model without the tail are shov/n in 
figures 12 and IJ for the model v/ith flaps retracted and 
Mvith flaps deflected l+O^, respectively. For the model with 
flaps retracted (fig. 12), propeller operation v/as desta- 
bilizing, although the decrease in stability was not a direct 
function of the amount of power applied. The destabilizing 
effect of propeller operation on the model v;ithout the tail, 
flaps retracted, may be attributed to the direct effect of 
the propeller forces v.hich are destabilizing for all positive 
angles of attack. With flaps deflected Ij-O^, propeller opera 
tion was destabilizing v/hen idling power was applied; with 
half-rated pov/er applied, however, propeller operation was 
stabilizing. This condition results from the fact that the 
large negative pitching moment resulting from flap deflection 
is increased with increased slipstream velocity over the wing 
Since, for constant power operation, the thrust and there- 
fore the slipstream velocity increases v^ith lift coefficient, 
the increase in negative pitching moment v;ill be greatest in 
the high-lift range. 
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The change in -Ditching moment due to propeller operation 
' the 

for the m.odel Vvithcut/tall may be determined from, considera- 
tions of the direct effect of the propeller forces '^.nd of 
the slipstream effect on the wing pitching moments. It is 
of interest to compare the effect.^ of propeller operation 
on pitching moments as calculated from these considerations 

with the experimental values. The total change of pitching- 

the 

moment coefficient of the model without/tail m.ay be calcu- 
lated from the follovving equation; 

The term AC^^^p is the total change in pitching-moment coef- 
ficient due to propeller operation, i^C^ir^ and AC^^^j^ rep- 
resent the change due to the direct effect of the propeller 
forces, and ACvri is the change of wing pitching-moment co- 
efficient due to the slipstream. ?or single-engine airplanes 
with flaps retracted, LCm^ is usually very small and may 
be neglected (reference 6). Using the xmethods of refer- 
ences 6 and 7, the total change in pitching-moment coeffi- 
cient due to propeller operation, ACjo^p, has been calcu- 
lated for the flaps-retracted condition with full-rated 
power applied and for the flaps-deflected condition v;ith 
half -rated power applied. A comparison is given between 
the experimental and calculated AC^r^p in figure 1I4-. The 
agreem.ent sjiov/n is good. 
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Propeller operation increasod the slope of the lift 
curve of the model v/ith.out the tail, the increase being ap- 
proxinately proportional to the araount of power applied* 
The increase in dCr^/da with pov;er results from the direct 
effect of the propeller forces and from the slipstreari ef- 
fects. Inasmuch as the li'^t coefficients of the sections 
immersed in the slipstream are greatest when flaps are de- 
flected, the increase in lift due to ;.)ropeller operation v/ill 
be greatest for the flaps-deflected conditions. The increase 
in lift coefficient due to propeller operation nay be calcu- 
culated by m.eans of the expression 

^CLp = ACl^ + ACl-,, + ACL3 

where ^Cj^^ is the total change in lift coefficient due to 

propeller operation, ^C^^ and ACj^.,. are the increments due 

to the direct effect of the propellei^ forcos, and AC^ Is 

s 

the change in v/ing lift coefficient due to the slipstream. 
For the increment of lift resulting fromx the passage of the 
slipstreaifi ever a part of the v\^ing, the semiemplrical formula 
of reference 8 has been found to give satisfactory agreement 
with experim.ental data; thus, 

^Cl3 = s |\ c. - 0.6 a^ Cpt 

The factor introduced because of the change in circulation 
over the v/ing, may be taken as 1.0 for the f laps^-retrac ted 
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condition. vath flaps deflected, however, owing to the 
marked effect of the nlipstream on the flapped-wing vortex 
system, the value of \ is taken as 1.6 according to ref- 
erence 7. The change in lift due to the direct effect of 
the propeller forces nay bo calculated by the methods given 
in reference 6. The agreement between the experimental 
and calculated values of AC^p that are given in figure I5 
is good. 

Tail-on tests. - The results of tlrie tests with the 
horizontal and vertical tail surfaces on and with the pro- 
pellei'S removed are shown in figure I6 . The location of 
the neutral point for the tail-on condition with propellers 
removed was about O.lS^c" behind the center of gravity with 
flaps retracted and about 0.21c" behind the center gravity 
v/ith flaps deflected l+O^ . 

The effects of propeller operation on the aerodynsinic 
characteristics of the complete model for various flap con- 
ditions are shown in figures I7 to 21, Figure 1? gives the 
results for the model v/ith flaps retracted and v/ith propel- 
lers operating at full- and half -rated power. The results 
for full- and half -rated pov^er for the model with flaps de- 
flected 10.5^ and 20.9^ are shown in figures I8 and I9, 
respectively. Figure 20 gives the results of the tests 
v/ith flaps deflr^cted and with the propellers operating 



at full-rated, half -rated, and idling power. The effects of 
propeller operation on longitudinal stability, as deterrriined 
by the slopes of the curves of G>.^ against at fixed 

elevator for constant pov/er operation, were destabilizing 
in all cases.- The destabilizing effe?ct of power was most 
pronounced for the condition with the flaps deflected Ij-O^, 
causing Instability at h^igh lift coefficients when full-rated 
pov/er was applied (fig. 20). 

By comparing tiie results of the tests of the model with 
the horizontal tail on and v/ith the propellers removed and 
operating, the incitements: of pit ching-m.oment coefficient at 
the wing and tall due only to the effects of propeller opera- 
tion have been determined and are sliown in figure 21. The 
increments of tail pltching-moment coefficient due to pro- 
peller operation v/ore small with flaps retracted; however, 
with flaps deflected hfi^ the change of tall moment v/as very 
large v/hen high pov/er was applied, causing the instability 
sh ov;n in figure 20. 

The total contribution of the horizontal tail to longi- 
tudinal stability is shov/n in figure 22 for the model with 
flaps retracted, and in figure 2$ for the model with flaps 
deflected lj-0^ . For both conditions, propeller operation 
provided an increment of positive pi tching-moment coefficient 
from the tail. V7ith flaps retracted, the normal force on 
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the horizontal tail sui'face was positive for lift coeffi- 
cients above O.J, regardless of the povver condition. With 
flaps deflected [i_0*^, the nor-mal force on the horizontal tail 
v;as neeative for lift coefficients below 1.6, raj;;ardless 
of the power conditioii. 

The effects of applyin,:^ full- and half -rated power 
at 35^000 feet altitude on the aerodyn^imic charac teri-^tics 
of tlie model witli flapi^^ retracted have been detern^ined and 
are given in fixture PJi. Since the thrust coefficient for 
any particular power condition ctecreases with, altitude, the 
destabilizing effect of pov;^t-r on longitudinal stability and 
the increase in the slope of the lift curve with power are 
less at altitude than at sra level. 

Elevator ef f ec biveness and hinge noments, - The varia- 
tions of Cj,^, Cj,, and Cv>^ with elevator deflection (ele- 

■■ ■ e 

vator tab locked) for the propellers-removed condition are 
shown in figure 25. The elevator ef f ect a vere ss , dC^^/d5Q, 
and the rate of chanfje of elevator hinge-nonent coefficient 
with elevator deflection, dCh^^/ddQ, decreased slightly 
with angle of attack, For any particular elevator angle 
setting, the elevibor hinge monents increfised negatively 
with angle of attack. 

The elevator was equipped with a balancing tab which 
could be adjusted to give sevei^al ratios of tab angle to 
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elevator deriectiorio The variations of tab angle with ele- 
vator clef lection are glvr^n in figure 26. Figure 27 shows 

.e variation of elevator hinge-moment coefficient with elec- 
tor defloction for the conditions of elevcitor tab locked 
5 of elevptor tab adjusted to ■^]i\'e Liinim>.im and maxinuin. de- 

" ictions. With the tab locked, the measurements were made 
at a stabilizer angle of 1-9^'; however, with the tab operating, 
the measurements were made at a stabilizer angle ., of 3 • 1^ . 
Examination of the data reveals that the ciiange of hinge- 
moment coefiiciont due to a difference in stabilizer angle 
of 1.2^ is small, so that a coaparison can be made of the 
hinge moments for the various tab conditions. The slope, 
dCh^/d5^, for the fcab-lcckcd condition was reduced some- 
what with the elevator tab adjusted to give maximum ratio 
deflections; little change v;as measured, however, with the 
tab adjusted to give minimum ratio deflections. The effect 
of the fcab on pitching m.oments is given in figure 28 for 
various angles of attack. A small decrease in the slope 
dCj^/d5^ was measured, the decrease being most pronounced at 
the lowest and the highest angles of attack. 

The variations of C^^, Cl, and Ci^^ with elevator de- 
flection for various power conditjons and v/ith the model in 
the high-speed, climbing, and landing attitudes are given in 
figures ?J) and 50. A curve is presented (fig. yl) shov;ing 
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the elevator angles required to trim the airplane throughout 
the speed range for the condition of riaps retracted and full- 
rated power applied. The values of 5e at high values of 
indicated airspeed vv^ere obtained from the experlinental 
values of figure 2^ and the values of 6^ at low values of 
indicated Pirspeed were obtained by extrapolating the re- 
sults of figure 29 to liiglier lift coefficients. 

The effects ox* the slipstream on dC^^ydS^ a.nd dChe/d5e 
are illustrated in figure ^2 . With propellers removed, 
the values of dCr^/dd^ and dCh^/d5^ decreased with angle 
of attack; however, vvith propellers operating, the values of 
dC^/d5^ and dCh^/d5g increased with angle of attack. 
Since for constant power operation Tc increases with angle 
of attack, the dynamic pressure at the tail and therefore 
dCyr^/d?^ and dCh^/dOe should Increase with the angle of 
attack. The increase appears to be approximately propor- 
tional to the I'uncunt of power applied. 

The effect of tab position on tlie elevator hinge moments 
of the model with propellers operating is shov/n in figure $$. 
IVith the tab locked, the values of dCh^/dS^ at C^l^ = ^ 
were -0.0101 .and -O.OII5 per degree elevator deflection for 
the airplane in the high-speed and clim.bing attitudes, re- 
spectively. With the tab adjusted to give maximum ratio 
deflections, the corresponding values of dCh /cl5p were 
-0.0081^ and -O.OO89. 
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In order to 'detGrr.iins the effects of yaw on the ele- 
vator ef fectivoness, sor.ie te?ts v/ere made \;ith the model 
yawed at 5.75^ and l^.l^. The results of the ter>t3 v/ith the 
model in the high-speed and climbing attitudes are shown in 
figures 5l| and 55, and the results for the model in the 
landing attitude (flaps deflected ij.O^) are shown in figures 56 
and 37. A comparison is given in table I of the values of 
/ "^^^^ and f— for the model in the yawed and 

unyawed conditions. It is seen that, in the hi{i;li-speed at- 
titude, the elevator ef f ectivenecs decreases about 10 percent 
v/hen the model is yav.x-d I'^.l^^. change of elevator ef- 

fectiveness v/ith yaw in the climbing and the landing attitudes 
was less than in the high-speed attitude. 

Lateral Stability, Control, and Trim 
Aerody nami c characterist ics i n ypw > - The changes of the 
aerodynamic characteristics with yaw angle have been deter-- 
mined by crcss-plott mg the results of rudder-off ecti.venes-s • 
tests (similar to those shown in figs, 5^4- "to 57) at several 
angles of yaw. The variations of and C^,,^ with ^ 

for the model .in the high-speed, climbing, and landing atti- 
tudes are shown in figures JG to liO . It should be noted 
that in the landing attitude with flaps deflected the chai-iges . 
in Cjri and due to yaw were large and somev/hat incon-- 

sistent for both nower conditions. The effect of yaw angle 
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on C^^.^ and -or the model in the high-speed and climbing 

attitudes v/as c onsidei-^ably less than for the model in the 
landing attitude . 

The changes of Cj.^, C?, aiid Cy vvi fch ^ for the 
model in the higlx-speod, climbing, and landing attitudes at 
various pov/er conditions are chov;n in figures b^l to l\.6 . 
The effects of propeller operation on the effective dihedral, 
dC^/d\i/, and on the directional stability, dC^-^/cl^, were 
m.ost pronounced for the flaps-deflected condition. With 
the model in the landing attitade and idling pov/er applied, 
the slope of the curve of yav;lng-moment coefficient against 
angle of yaw shows approximately neutral stability at small 
positive angles of ya\i' and instability from -2^ to -3^ angle 
of yav/ (fig. ) • Inasmuch as the value of dCj/d'J/ for 
this condition is relatively high, about 0,00l8, a condition 
of lateral oscillatory instabilit^r vvlll probably exist. 
The danger of this condition is accentuated because it oc- 
curs at tiie landing attitude where recovery becomes very 
difficult, A large decrease ia effective dihedral was 
measured when hplf-rated power v;as applied to the model in 
the landing attitude; however, the directional stability was 
increased (fig. 1^6). This combination should result in a 
condition of spiral instability. . Spiral instability is not 
a severe ccndition, hov^. ever, inasmuch as little difficultj^ 
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is encountored In flying air^planos which are spirally unstable. 
Since it has been propos:ed tl-.at the model b^. returned to the 
ll-scf.le tunnel for further engine-cooling test.-^, some ad- 
tional tests to chech' the stability of the airplane in the 
ading attitude are contemplated. 

The slope of tiie curve of In teral-f orco coefficient 
against angle of yaw for the model v;ith flaps deflected )40*^ 
was increased from 0.0055 to O.Ol^L v/hen the thrust coeffi- 
cient vi/as increased from 0.0)4.5 O.49O. 

The effects of propeller operation on the directional 
stability, on the effective dihedral, and on the rate of 
change of latei^al-f orce coefficient v;ith yaw angle for the 
model in the high-speed and climbing attitudes are illus- 
trated in figure I4-7 . The directional stability decreased 
vidth angle of attack, but at any particular angle of attack 
the directional stability v/as higher for the full-pov/er 
condition than for thie half -power condition. No variation 
of dCy/d^l^ v;ith angle of attack or pov/er \'.'as measured for 
the high-speed or climb conditions. 

The changes in the lateral characteristics due to power 
result from the direct effect of the propeller forces and 
from the effects due to the propeller slipstream. Since the 
thrust axis and the center of gravity lie in the plane of 
symmetry, the ti.rust forces have no effect on the rolling 
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and yawing moments about the stability axes. The propeller 
normal force, hov/ever, lies in the plane of the propeller 
and causes a yawing moment which Is alv/ays destabilizing. 
The effect of the propeller torque, which usually causes 
a large rolling moment for airplanes with single-rotating 
propellers, is probably very small and may be neglected 
when dual-rotating propellers are used. 

VVhen the airplane is yawed, a greater part of the 
slipstream is deflected over the trailing-wing panel • The 
result is that the increased dynamic pressure increases the 
lift of the trailing-v/ing panel and causes a decrease in 
effective dihedral. The decrease v/ould bo most pronounced 
with the flaps deflected, since the inboard sections of the 
wing are operatin^j; at high section lift coefficients. 3y 
the same reasoning, the d;.'>ag of the trailing-wiiig panel is 
increased which results in a destabilizing yawing moment. 

The adverse effects of wing-fuselage interference on 
the effective dihedral <'and the favorable effects on the 
directional stability of low-wing monoplanes are probably 
changed somev;hat by the passage of the slipstream over the 
wing-fuselage juncture. The increase in dyaimic pressure 
over the vertical tail increases the control effectiveness 
and probably increases the directional stability depending 
on the angle of sidewash and the direction of the load at 
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the vertical tall. As the an^le of yaw is increased, a 
point v;lll be reached v/here the vertical tail passes out of 
the slipstream and, consequently.^ the control ef Tec t iveness 
will be decreased to the propellers-removed value. The 
sidenash angle at the tail results from the various components 
of the air flo\v' due to the v-vlng, the fuselage, and the slip- 
stream and is determined as a vector addition of these com- 
ponents. Some chanf^es in the pitching moments due to yaw 
are caused by the changes in velocity and direction of flow 
at the horizontal tail surface due to the slipstream. 

Rudder effe ct iveness and hinge m.oments . - The variations 
of Cj., Cy^ and C]-^^ v;ith rudder deflection for the model 
with propellers removed are shown in figure The values 

of dCn/d5p, dCy/dSr., and ^iC]^^/d5^ changed very little 
with angle of attack. For the propellers-removed condition, 
the respective values of dCn/d6p and dCy/dSp were -O.OOI5 
and 0.0022 per degree. The value of dChp/d5p at Q^p ^ ^ 
was -0 .00115 P^^ degree. 

The effect of various ratios of tab angle to rudder de- 
flection on the rate of change of rudder hinge-momeiit coeffi- 
cient ?/ith rudder deflection, dCin^/dSp, is shown in fig- 
ure I49 • Figure SO shov/s the variation of tab angle with 
rudder deflection for the different tab ad ju?;tments . A 
large decrease in the value of dCj., /d^y^ at 5^ = 0 for no 
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tab was measured when the tab was adjusted to give either 
tab-rudder deflection ratio 1 or 2; hov/ever, there vvas 
little change of ruddej-^ nin£;e noments tiieasured betv/een tab- 
I'udder deflection ratios 1 and 2. The effect of tab set- 
ting on the ya'.ving-inoraent coefficients at several angles of 
attack is sY^owa in figure 51» The tab caused a very small 
decrease in rudder effectiveness, dCn/d5p. 

The effects of propeller operation on the variations of 
C^,, Cy, and Cy,^ v/ith 5^ for the model in the high- 
speed, climbing, and landing attitudes are shov/n in fig- 
ures S2 and 53* In the high-speed attitude, where the lift 
coefficient and thruct are low, there was little change of 
dCj^/dGp and dCy/dd^ due to propeller operation. A slight 
increase of dCn/do^ and no increase of dCv/d5p v/as 
measured with the model in the climbing attitude and full- 
rated power applied. IVith the model in the landing atti- 
tude, however, the values of dC^/dSp and dCy/dSp were 
increased to -0.0018 and 0.0029, respectively, when half- 
rated pov/er was applied. The rate of change of rudder 
hinge-moment coefficient V''ith rudder deflection increased 
with power; a value of dCh^/d5v> of -0.0088 was m.easured 
for the model in the landing attitude with half-rated power 
applied as compared with a value of -0.00i|.5 for the model 
with propellers removed. 



Several tests v/ere made to deterniine the effects of rud- 
der deflection on the aerodynamic characteristics of the 
model in yaw. The results of some of the tests with the 
model in the high-speed, climbing, and landing attitudes are 
given in figures 5]_i and 55 for = 15*1^ and in figures 56 
and 57 for ^i/ = -15.2^. The variations of clC^ydb^ at 
Cn = 0 and dCv^^/da^ at Ch^ = 0 with are given in 

figure 53 for the model in the high-speed attitude with full- 
and half-rpted pov/er applied, in figure 59 for the model in 
the climbing attitude with full- and half -rated power applied, 
and in figure 60 for the model in the landing attitude with 
idling and half-rated power applied. The effect of yaw angle 
on dCn/dSp ^^^^ small for all of the test conditions; how- 
ever, an appreciable increase in dCj^^./dSp with yaw wras 
measured . 

The rate of change of rudder hinge-moment coefficient at 
zero rudder deflection with yaw angle for the various model 
attitudes is shown in figure 6I. Per the high-speed and 
climbing attitudes, the values of dCh^/d\j/ was zero at 
small angles of yaw. For the m.odel in the landing attitude 
with half -rated power applied, some variations of ^h.^{Q^zzQ) 
with if was measured, but these v^ere smaj.l at small angles 
of yaw. 
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The rudder angles necessary to hold a given angle of 
yaw for the model in the high-speed and climbing attitudes 
are given in figures 62 and 63 i"'or tije full- and half -rated 
power conditions, respectively. In the high-speed attitude 
a value of &i!/d6^(^^^^:-Q) of about 1.1 was mxeasured. The 
value of d\l//d5p ^ Q^-Q ^ for the riiodel in the climbing atti- 
tude v;ith full-i^ated pov/er applied v/as about 1.2, which was 
increased to about I.5 when half -rated power was applied. 
The rudder angles to hold a given angle of yaw for the model 
in the landing attitude with Idling and half -rated power ap- 
plied are shown in figuro 6I1.. The instability shov/n by 
the curve of figure 6k at small angles of jT-aw for the idling 

power condition cori^esponds to the same Instability noted in 

yaw 

the curve of Cn against 'if (fig. 11-5) at small/angles. 

The value of d^|r/d5p( ) -^r the model in the landing at-- 

titude with half -rated power applied was about 1.5* 

Aileron effectiveness and hinge moments . - Since the 

ailerons on this model are well out of the region covered by 

the slipstream, all of the tests to determine the effects of 

aileron deflection v^ere made with the propellers removed. 

The measurements were made for deflections of the left 

aileron only. Pigiires 65 and 66 show the variations of 

Cj, Cn, and Cv. with aileron deflection (tab locked) 

a 

for the model with flaos retracted and with flaps deflected 
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J+O*^, respectively. The results with the model yav/ed at -10.1^ 
and with the flaps retracted and flaps deflected 1;0^ are shown 
In figures 67 ^nd 68, respectively. 

Tuft surveys had previously shown that the installation 
of cannons at the leading edge of the wing caused an early 
separation of the flow, especially in the region of the 
ailerons. As a result, aileron-effectiveness tests were 
made with thp. cannons installed on the wing in their maximum 
up position (fig. 8). The results of the tests v/ith the 
cannons installed on the v;ing are given in figure 69* 

Inasrn.uch as it has been proposed that the Republic 
Aviation Corporation install gasoline tanks on the lower 
surface of the v/ings (fig. 9) for ferrying purposes, some 
tests v/ere made to determine the effects of the wing tanks 
on the aileron effectiveness. The results of the tests for 
the unyawed model are shown in figure 70. Figures 7I and 72 
show the results of the tests ".ith the wing tanks on and 
^ = -10.1^ for the flaps-retracted and flaps-deflected 
conditions , respectively. 

The variations of Cr^, Cj^, and C^^ with a for the 
model with the wing tanks on and for the model v/ith cannons 
Installed in their maximum up position are shown in figure 75* 
It will be noticed from figure 75 that the cannon installa- 
tion caused a reduction of maxinur:! lift coefficient of about 



- 51 - 

Ov5» Studies made with vr-rious cannon installations showed 
that the reduction of .maximum lift coefficient due to the 
cannons can be miniiiilzed by (1) lowering the cannons, 
(2) using a longer cannon extension from the leading edge 
of the wing, and (o) using a suitable fairing at the wing- 
cannon juncture. The gasoline tanks caused no appreciable 
reduction of maximum lift coefficient. 

The variations of C^^ with 5^ for the tab-locked 
and tab-operating conditions are shovni in figure 7li for 
various angles of attack. Figure 75 shows the variation of 
tab angle with aileron deflection. With the aileron tab 
installed, some decrease in dCha/d5a v/as measured. Fig- 
ure 76 shows the variations of C^, Cp^, and Ch^ with 
aileron deflection for the case of aileron tab installed at 
ratio 1. The tab had very little effect on either the 
ja.\vinp; or the rolling moments. 

A fev/ calculations have indicated that the stick forces 
required to obtain maxim^om aileron deflections with the air- 
plane in the high-speed or cruising attitude will be exces- 
sive. Th.is was true for the conditions of tab locked and 
tab operating. 

A table has been prepared (table II) giving values of 
aileron effectiveness and helix angle, pb/2V, for all of 
the test conditions. The values of aCi/d5^ and pb/2V 
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have been computed for a total singular difference between up 
and down ailerons of 5'^^ v/ith an aileron differential ratio 
of 1:1. The term pb/2V, which expresses the lateral dis- 
placement of the wing tip in a given forward travel of the 
airplane, is a measure of satisfactory aileron control (ref- 
erence 9). A value of pb/2V of 0,07 represents a criterion 
of minimum satisfactory aileron effectiveness. The values 
of pb/2V for all the conditions tested varied from 0,082 
to 0.117, 

The criteria for satisfactory aileron control presented 
in reference 9 shou.ld bo used with caution. Plight measure- 
ments have indicated that the values of pb/2V obtained in 
wind-tunnel tests are about 0.02 higher than those obtained 
in flight as a resu.lt of wing twist and sideslip angle. 
Furthermore, although a value of pb/2y of O.O7 implies a 
condition of satisfactory aileron-control effectiveness, it 
does not imply that the rolling velocities attainable will 
be satisfactory. Thus, a pursuit airplane having a large 
v/ing span will require larger values of pb/2V to attain 
rolling velocities equal to those of a pursuit airplane having 
a small wing span. On this basis, the rolling velocities 
attainable with the present XP-69 aileron installation may 
be inadequate. 



A i r - P 1 o vi^ Surveys 

The results of the air-flov/ surveys are presented In 
figures 77 through 30 . The figures 3how contours of q/qo 
and downwash and sldewash vectors in a vertical plane through 
the elevator iiinge line for various angles of attack and 
thrust coefficients. The resMlts of the propellers-removed 
surveys are given in figures 77 ^'■"^^ 7Q the flaps-retracted 

and f ] aps-def leoted conditions, respectively. The effects 
of propeller o-;3e ration on the air f lO'V in the region of the 
tail plane are shown in figures 79 ^^nd 80 . A table (table III) 
is presented, giving values of the dynaralc -pros sure ratios 
and the dov/nwash angles averaged across each seriiispan of the 
horizontal tail surface at the elevator hinge line. 

The velocity and direction of the air flow at the tail 
may be considered as the resultant of the various fields of 
flow from the ^••irg, the fuselage, the ducting system, and 
the propeller slipstream. The vving wake (or region of low 
dynamic pressure) and the combined wakes of the wing, the 
fuselage, and the ducting system (or region chai'ac berized 
by the erratic flow just below the fuselage) are clearly 
evident in the surveys made with the propellers removed. 
(3ee figs. 77 and 7B.) Owing to the relatively high posi- 
tion of the hori^ontal tail su?^fac6 with respect to the 
wing, the center line of the wing wake passed below the 



horizontal tall surface for all of the conditions tested. 
The center line of the v;ing wake rose relative to the tail 
vv'ith increasing angle of attack (figs. 77 1^-) to 77 (^w), 
which resulted in a small decrease in the average dynamic- 
pressure ratio measured across the horiz^ontal tail surface as 
the angle of attack was increased. The change in d^priamic 
pressure at the tail due to flap deflection was small since 
the flap wake always passed below the horizontal tail surface. 

The downwash angle at the tail, v/hich is direcrly pro- 
portional to the lift coefficient, increased with angle of 
attack and flap deflection. The Increase of dovmwash angle 
at the tail due to flap deflection was about 7^ for the 
propellers -removed condition. 

The effects of propeller operation on the d^mamic pres- 
sure and the downwash angles at the tail are illustrated in 

table III. The values of ( q/q^ ) and ^ were computed 

av 

separately across euch sem.isrjan of the horizontal tail in 
order to ascertain whether the use of dual-rotating propellers 
eliminated the effects due to slipstream rotation. Propel- 
ler operation increased the d^yTiamic pressure at the tail- 
The increase in dynamic pressure at the tail, however, was 
not directly proportional to the amount of power applied since 
the location of the slipstream center line with respect to 
the horizontal tail varied with angle of attack and thrust 



coefficient. For all positive angles of attack the downwash 
at the tail increased with propeller operation; whereas, at 
the ?n.egative angle of attack, propeller operation resulted 
in a small decrease in the dowm^ash at the tail. 

i;h.en the power absorbed by the front propeller v/as 
approximately equal to the power absorbed by the rear pro- 
peller, there was little evidence of slipstreain rotation 
in the surveys. Since the propeller blade angles were 
adjusted so as to absorb approxiinately equal power at the 
V/nD for peak efficiency (v/nD = 1.25), the powers ab- 
sorbed by the two propellers were not equal at other values 
of V/nD (fig. 5). At low thrust coefficients, where the 
difference in oower absorbed by the front and rear propellers 
was sr.all, the values of (q/^o^ ^^'^ ^'n^r ^^"^^easured across 

«-/ Q,V ^ ^ 

each semispan of the horizontal tail surface v^ere approxi- 
inately equal. At the higher thrust coefficients, however, 
some difference in (^/^Q/av ''^'^^^ ^'av ^'^^^ measured, 
although the difference was considerably less than that 
usually observed behind airplanes with single-rotating 
propellers. 

SUy^^^ARY OF RESULTS 
!• Propeller operation resulted. in an appreciable 
decrease in static longitudinal stability. With flaps re- 
tracted and full-rated powder applied, the neutral point was 
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shifted about 7 percent of the mean aerodynamic chord forv/ard 
of its position for the propellers-removed condition. With 
flaps deflected Lo^ and full-rated power applied, the neutral 
point v/as shifted about 20 percent of the mean aerodynamic 
chord forv/ard of its position for the propellers-removed con- 
dition. 

2. The application of pov;er increased the slope of 
the lift curve, the increase being- approximately proportional 
to the amount of pover applied. 

5. The elevator provided satisfactory longitudinal 
control throughout the lift range. 

i+t The elevator effectiveness and the slope of the 
hinge-mom.ent curve against elevator deflection increased with 
power. 

5. Tne effect of yaw angle on elevator effectiveness 
was small for the range of yaw an£;les tested. 

6. A decrease in dCh A-^e ^^^^ ^^'-^ fvom 10 to 

e 

20 percent, depending on the power condition, was measured 
when the tab ^"^as adjusted to give the m.aximjxm tab angle to 
elevator deflection ratio. 

7* The ratio of effective dihedral, dCj/d-^, to direc- 
tional stability, dC^/d^]^, varied from about 1.0 to l.J for the 
m.odel in the high-speed and climbing attitudes with flaps re- 
tracted and with full- and half -rated oower applied. 



8. A large ciecrease in filroc tiona?;. stability v;as 
measured v.^hen flans ^A-ere deflected and idling pov/er applied. 
For the model in the landing attitude v/ith idling pov/er 
applied, the slope of the curve of Cj^ against sliov/ed 
approximately neutral stability at small positive angles 

of yaw and instability from -2^ to -8^ angle of yaw. 
The effective dihedral, as indicated by dCj/diS '^^^ high. 
A condition of lateral oscillatory instability may there- 
fore exist for landings made with idling power* 

9. A large decrease in effective dihedral was 
measured when half -rated power was applied to the model in 
the landing attitude with flaps deflected; the directional 
stability, however, was •^ire^ter than that mjeasured for the 
idling-power condition. 

10. The slope of the c\irve of yaw angle against 
rudder deflection at trim d^/d6p (q^^^-q) varied from 
about 1.0 to 1.5 for the model in the high-speed and 
climhing attitudes with full- and half-rated power applied. 
A large increase in d^/do^^Q w^as measured when flaps 
were deflected and idling power applied. 

11. The rudder effectiveness and the rate of change 

of hinge-m.om.ent coefficient with rudder deflection increased 
with power. 

12. The negative value of dChp/dSp at C|.^ = 0 was 
reduced about O.OO25 by the use of a balancing tab. 
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15 . The magnitude of the maxlmun rolllrxg velocities at- 
tainable with a total aileron deflection of JO^ may be lov; 
v/hen compared v;ith that attained by some present-day pursuit- 
type airplanes. 

iL'.. The stick forces required to obtain maximum aileron 
deflections vrith the airplane in the high-speed or cruising 
attitudes will be excessive. 

15- A small reduction of aileron hinge moments v/as ob- 
tained by the use of a balancing tab. 

16 . The addition of cannons and gasoline tanks on the 
wing of the model caused very little change of aileron effec- 
tiveness . 

17. The test results indicate that little or no appli- 
cation of the ailerons or rudder will be necessary to fly in 
an unyawed attitude with propellers operating. 

iS. With the cannons installed on the leading edge of 
the wing in their maxim-om up position, a reduction in maximum 
lift coefficient of about O.5 was measured. 

19* The center line of the wing wake v/as below the 
horizontal tail surface for all of the conditions tested. 

20. Propeller operation increased the dynamic pressure 
at the tail. The dcwnv/ash angles at the tail v/ere increased 
for positive angles of attack and decreased for negative 
angles of attack when power was applied. 
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21 • Y'Hien the power absorbed by the front propeller was 
approxlraately equal to the po^vfer absorbed by the re<ar pro- 
peller, there v;as little evldance of rotation In the slip- 
Zo' stream. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Coi^rmittee for Aeronautics^ 
Langley Field, Va. January 7, 19^3. 
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TABLE I 




Elevator Tab Locked; i^, 1.6° 



Flaps retracted 




V = 0° 




V = 15.1° 


a 

(deg) 








a 

(deg) 


T 






a 

(deg) 










e 






-0.3 
-.3 
5.9 
5.9 


0.020 
.012 
.072 
.160 


-0.0223 
-.0225 
-.0230 
-.021+1 


-0.0101 

- . 0091+ 
-.0107 

-.0115 j 


-0.2 
-.2 

5.9 
3.9 


-0.025 
.012 
.072 
.II4.O 


-0.0231 
-.0226 
-.0255 
-.0266 


■- 

-O.CO66 
- . 0081 
- . uOo / 
-.0090 


-0.2 
.2 

3.9 
5.9 


0.018 
- . 007 

. 058 
.12.V 


-0.0205 
- . 0206 

-.021+1^ 
- . O2I+7 


-O.OO8I+ 

-'. 0081+ 
-.0093 
-.0103 


Flaps deflected 1^.0° 


12.5 

: 8.9 


0.055 
.530 


-0.0256 
-.0297 


-0.0107 
- .0166 


12.6 
8.9 


O.OI+7 
.510 


-0.0208 
.0279 


-0.0111 
- .0180 


12.6 

8.9 


0.01+7 
.510 


-0.0217 
-.0286 


-0.0086 
-.0167 



TABLE II 

Aileron Effectiveness and Values of §^ Calculated for Full Deflection 



(A5g^ = 50°) of Both Ailerons, Aileron Differential Ratio, 1:1 



Test condition 


Uf 


dC^/d6a 


pb/2V 


1 

1 Test condition 

1 


a 

(deg) 


dc.yds^ 


Db/2V 

1 


1. Model with bare v;ing; 
aileron tab locked 


-0.7 
3.3 
8.1 

12*6 


0.0025 
. 0032 
.0032 
. 0029 


O.0S6 
. 110 
. 110 
. 100 

i 


! 1 
! 5' 'A'ing cannons installed 
5f , 00; V/,0^. 

aileron tab locked 

i 

i 


■^,(< 
3.1 
12.6 


0.0029 
. 0032 

.0053 

. 0052 


1 

0. 100 
. 110 

.115 
. 110 


2. Model v'ith bare win?^; 
aileron tab locked 


7.2 

11.5 
16.5 


.005)4. 
.0055 
.0027 


.117 
. 113 
.093 


6, V/ing tanks installed 
6f/0'^^: H -10. le- 
aner on tab locked 


-0.6 

0. 2 
12. 6 


.002 s 
.0020 
.0052 
.0050 


.086 
.096 
. 110 ' 
. 103 


3. Model ^vith bare v/inn:; 
5f, OO; l^, «10.1^; 

aileron tab locked 

1, 


5.8 
8.2 
12.7 


. 0027 
.0050 
.0031 
. 0030 


.095 

.10^ 

. 106 
. 103 


j 

7. Wi nr, tanks installed 
d^^, 0^; -10.1^^; 
aileron tab lucked 


-0. 0 

8.5 
12.7 


.0028 
,0050 
. 005i| 
. 0029 


.096 
.103 

.117 ! 

.100 i 

1 


4. T.'odel v;ith bare '.ving; 
5f, i|0°; y, -10.1^; 

aileron tab locked 


11. 8 
15.5 


.0029 
. 002s 
.002lj. 


. 100 

.086 
.082 


8. '^/ing tanks installed 
kOO; V; -10.1°; 
aileron tab locked 


11.8 
15.3 

. 1 


.0055 
.0030 
.0029 


.113 
.105 ! 
. 100 



i 



TABLE II T 



Average D;7nanic -Press are Ratios and 



bownv/Ksh Ai'igles at Tail 





1 




♦ 

1 








a 

(deg) 






Tc 
(a) 


Ri ght 
somi soan 
of tail 


Left 
seinisoan 
of t...il 


Ri ght 
semlsptji 
of tail 


Left 
semi spat! 
of tail 


-0.7 

ll 

7.1 
11.5 

-.7 
-.7 

?.7 
5.7 

M 

D. 8 

11.5 

11.5 


0. 130 

.1:07 
.723 
1.275 
1.5^5 
. 102 
. 125 

.[■•53 

1.596 
1.552 
1.772 

1. bi5 


0 
0 
0 

1,0 
llO 

0 
0 
0 

.Uo 
Uo 1 

IiO 1 


0.025 
.250 
.025 
.250 
.300 
. 600 
. 300 

. Soo 


.95 
.93 

1.02 

1.2.^ 
1.00 

1. 19 

1.07 
1.55 


0. 97 
•97 
.95 
.95 
.'^^ 

1.00 

1.21 
1.00 

1.19 

1. pi 

1.1.5 
1.2s 
i.li 


1.7 
2. 5 
5.8 

11. 9 
13.9 

i.U 

1.3 

2.9 

1(1.7 

17, k 
18.7 
21.7 


1.9 
2. 7 

5.8 

12,3 

15.5 

1 7 

1.5 

6 

13.2 
iL.k 
17.2 
19.2 


(a) 

Fissing values indicate 


' prooellers r<^-"oved.. 






Figure Io - Three-view< drawing of model of the XP-69 

AIRPLANE. All dimensions in inches. 



Figure 2.- The 3/4-scale model of the XP-69 airplane mounted in the NACA full-scale tunnel. 



Figure 4.- Propeller installation on the 3/4 -scale 
model of the XP-69 airplane. 
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Scafe of yec/ors 
o /o eo 



a 



I 



Distance from center line ^ f{ 
Co) oc = -0.7'' 
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4 



/oo- 
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NATIONAL ADVISORY 

rMiMMiTlEt FOR AERONAUTICS 



F/c^ure 77.- Dynamic pressure (^/9c) contours and mc/fnat/ori of rhe 
air jstrcam in i he plane of -/he e/c\/afor h/nc^e line \fecfors show anpu/or de\/iaf/on of 
air flow frorr) free - sf ream c//recf/on \//ew /ool</ncy forward. Prope/fers remo\red. f/aps 
retr-acfed. hor/zon/a/ and verffcal fori surfaces removed. 



I 




4 — 



. 2- 



2 — 



»0 



iMll lil'i 

* / ' ' ' 




Distance from center //ne , ft 



NATIONAL ADVISORY 
COMMITU£ m AERONAUTICS 



(a) oc = 7/^ 

ri<^urc 7S-- Dynam/c pressure ^/"to) contours and /nc//nat/on of the air ^fr^am 
m the plane of the e/evafor fimc^e /me. Vecfors ^ho\/^ ancfu/ar c^e\//af/on of a/r 
tlo\^ fronn free- stream d/recf/on. i//ew /oo/c/n^^ forward- prop^/tcr^ remo^^d ^ 
flaps deflected ^oj hor/zontal and vert/ca/ ta/t surfaces remo\/ed. 




Dtstance •from cen-i-^r //ne , 

/.) r^-j/<r<^ NATIONAL AOVISURY 

{G) - //.^ cOMMITlEt FOR AtRONAUTICS 

Figure 7<5.- Canc/udec/ 



^ - 




air zi-ream in the p/ane of ^he ^/eva-f-or hinc^e //n<s. Vecfons .sho^ anc^u/or dey'/at/on 
of oir f/o\^ from f ree - stream d/recf/on. //<sh/ /ooAr/nc^ forh/ard Prope//er^ o/Dercy//r)<^j 
f/ap:5 rcfracfedj veriica/ ornd hor/zan/a/ /a// ^urface>s remove^d. 




(b)oC--0.7'j 71 ^ ■^s 
FK^urc 79.- Coni-inuecf. 



4 — 




D, stance from c^nf^r /,ne,fi mKvmmin 

. , COIIMITUE F0« AERONAUTICS 

(a) oc r 7•c:?^ - . soo 
ri(^urc <30.- Dyncrrn/c pressure, con-/our^ and /nc//ncrf/on of 

the oir stream /n -ihe p/ane of ihe, e/evafor hinqe //ne. Vectors shoh/ oncfu/ar 
dcv/af/on of a/r f/ohJ from free - stream dtrect/on- f/e\^ /oot</nc/ fori^arcf. Prope//cr^ 
operat/na^ flaps def/ecfec/ "^d'j tnor/zonta/ and \/erf/caf ta// surfaces re^os/ea'. 
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